
Br Heart J 1986; 55: 204-10

Effect of parasympathetic impairment on the
haemodynamic response to handgrip in Chagas's
heart disease
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SUMMARY Haemodynamic responses to. sustained isometric exercise (handgrip at 30% of
maximum voluntary capacity) were studied in 10 patients with Chagas's cardiopathy without
previous or current heart failure. Five of the patients (group 1) had profound impairment of
parasympathetic control of heart rate. They had no tachycardia in response to intravenous
administration of atropine and no bradycardia during phase IV of the Valsalva manoeuvre. The
other five (group 2) showed normal vagal regulation of heart rate, as judged by chronotropic
responses to these tests.
The heart rate change (mean (SD)) elicited by the handgrip test was significantly lower in

group 1 (from 93 0 (14 1) to 95-0 (16-7) beats/min) than in group 2 (from 78-2 (15-8) to 92-8 (18 1)
beats/min). Pressor responses to handgrip were of similar magnitude (from 91-6 (7-8) to 109.0
(8 0) mm Hg in group 1 and from 88-6 (11 9) to 106-8 (20 9) mm Hg in group 2). In both groups

no significant change in stroke index was detected during handgrip. Cardiac index increased
during handgrip from 4 0 (1-2) to 4-8 (1-3) 1/min/m2 in group 2, but there was no significant
change in group 1 (from 4 9 (0 7) to 4 8 (1 1) 1/min/m2). Changes in calculated systemic vascular
resistance were significantly higher in group 1 (from 934 (175) to 1176 (383) dyn s cm 5) than in
group 2 (from 1109 (404) to 1112 (424).
This study shows that parasympathetic impairment adversely influences the haemodynamic

pattern of response to isometric exercise in patients with Chagas's heart disease. In such
conditions, the pressor response to handgrip is predominantly mediated by an increase in
systemic vascular resistance rather than an increase in cardiac output.

In normal subjects sustained isometric muscular
contractions produce significant increases in heart
rate, cardiac output, and systemic arterial
pressure.` The increase in cardiac output elicited
by isometric exercise is dependent upon the
concomitant chronotropic response, since no
detectable change in stroke volume is usually seen
during this kind of effort. ' 6 7 On the other hand, the
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rise in arterial pressure is directly proportional to the
increase in cardiac output, with no appreciable
change occurring in calculated systemic vascular
resistance.5 7

Parasympathetic withdrawal is the efferent
mechanism responsible for the initial rise in heart
rate that occurs in response to isometric
exercise.3 7 -1 Although it has not been identified in
some studies,8 12 sympathetic stimulation makes a
later contribution to the chronotropic response; the
adrenergic mechanism has been detected as early as
10 seconds after the beginning of handgrip exercise
at 75% of maximum voluntary capacity, 11 and after
30 seconds of isometric exercise at 30% ofmaximum
voluntary capacity.7
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Haemodynamics during handgrip in Chagas's disease

Isometric exercise has been used to evaluate the
chronotropic effects on cardiac grafts'3 and for thle
assessment of autonomic disturbances in diseases
such as hypertension,'4 diabetes mellitus, 15-17 and
congestive cardiomyopathy. 8 No studies, however,
have been carried out to assess the overall
haemodynamic consequences of impaired
cardiovascular responses to isometric exercise in
diseases in which there is a primary autonomic
disturbance.

Chagas's disease is well known for its unique
involvement of the cardiac parasympathetic system
in the absence of myocardial failure.9-25 We have
evaluated haemodynamic performance during
isometric exercise in chagasic patients known to
have parasympathetic impairment of heart rate
control, and we have compared their responses with
those of chagasic patients without impaired
autonomic control.

Patients and methods

PATIENTS
The study was performed in 10 selected male
patients with chronic Chagas's heart disease, after
they had given their written consent and the study
had been approved by the hospital. All had positive
complement fixation tests and the electro-
cardiographic changes typical of heart involvement
in Chagas's disease. No patient was in heart failure
or had a history of heart failure. Patients were
selected on the basis of their response to an

intravenous injection of atropine (0 04 mg/kg body
weight) given at the rate of 1 mg/min, while the
patient was supine. We selected five patients (aged
19-44, mean 30 years) in whom the heart rate did
not increase after atropine (group 1), and five
patients (aged 30-46, mean 38) in whom there was

the expected tachycardia in response to atropine
(group 2). There was slight cardiomegaly
(transverse cardiothoracic index 0-51-0 53) in four
patients in group 1, who also showed clinical signs of
megaoesophagus or megacolon or both. This kind of
chagasic involvement of hollow viscera was also
diagnosed in four patients in group 2. Four patients
in group 1 and three in group 2 were in class II of the
New York Heart Association criteria (1973) and the
others were in class I. All patients were in sinus
rhythm, and none was on any drugs capable of
interfering with cardiac function. Clinical
hypertension was also excluded in every case.

Methods

Each patient was first familiarised with the
calibrated spring-type handgrip dynamometer and
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the maximum voluntary instantaneous contraction
of the dominant arm was determined. After local
anaesthesia, a Cournand 7F cardiac catheter was

introduced by cutdown into the contralateral basilic
vein, and advanced under fluoroscopic control to the
right atrium. A 19 G indwelling Cournand needle
was placed in the right femoral artery by
percutaneous puncture under local anaesthesia.
A standard lead of the electrocardiogram, the

systemic arterial pressure, and respiratory chest
motions were continuously monitored and recorded
in a MR-105 Waters Polygraph. The zero reference
level was set in the mid-chest anteroposterior
position at the third intercostal space for the P23 Gb
Statham strain-gauge manometer. The respiratory
cycles were recorded through a pneumograph belt
connected to a P23 AA Statham strain-gauge that
was also used for measuring oral pressure during the
Valsalva manoeuvre. Dilution curves were

determined by injection of 5 mg of indocyanine
green dye into the right atrium and continuous
sampling of arterial blood through a Waters fast
dynamic response densitometer. Cardiac output was
determined by the Hamilton method, after
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Fig. 1 Effect of intravenous atropine (0 04 mg/kg body
weight) on resting heart rate ofpatients with chagasic
myocarditis. Only group 2 patients showed tachycardia after
atropinisation (A). (C) control values. p < 0-005, Student's
t testfor paired samples. NS, not significant.
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Table 1 Systemic arterial pressure (systolic and diastolic,
mm Hg) and heart rate (beatslmin) during baseline and the
strain and recovery phases of Valsalva manoeuvre in
chagasic patients with (group 1) and without
parasympathetic impairment (group 2)

Case Baseline Strain Recovery
SAP HR SAP HR SAP HR

Group 1:
1 140/70 70 115/77 85 180/95 81
2 120/80 114 100/80 123 160/105 120
3 122/74 94 98/70 108 180/1 10 100
4 150/84 90 120/84 110 220/ 125 105
5 135/75 96 110/72 100 172/96 96
Group 2:
6 120/60 84 100/70 96 205/90 60
7 150/70 54 115/70 75 19090 50
8 135/65 107 100/75 125 185/90 83
9 127/65 81 95/65 114 200/90 64
10 152/90 84 115/90 120 180/115 78

SAP, systemic arterial pressure (mm Hg); HR, heart rate
(beats/min).

calibration of the densitometer with known
concentrations of dye in blood samples of each
patient.
The studies were carried out in a

temperature-regulated room (22-240C) with the
patients either fasting or in the postabsorptive state
after a light meal.
The experimental protocol started with each

patient performing a standard Valsalva manoeuvre;
the oral pressure was raised suddenly to 40 mm Hg
and kept constant for about 20 seconds. Continuous
recording of electrocardiogram, systemic blood
pressure, and oral pressure was obtained before,
during strain, and 20 seconds after release of the
strain.

Five minutes after the end of the standard test
baseline recordings were obtained and then the
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patients performed a sustained handgrip at 300% of

maximum voluntary capacity for two minutes. In

the last half of the exercise period, dilution curves

were again obtained, and arterial pressure was

immediately measured. We made certain that

patients maintained normal respiration during

exercise, so that inadventent performance of the

Valsalva manoeuvre was avoided.

Heart rate was counted for intervals of 10 seconds

during the recording of dilution curves in the

baseline and handgrip periods, as well as before,

during, and after the Valsalva manoeuvre. Mean

systemic arterial pressure (MSAP) was recorded by

electronic damping of pulse contours. Systemic
vascular resistance (SVR) was derived from the

formula-SVR = MSAP x 80/cardiac output.

STATISTICAL ANALYSIS

Values of variables measured during handgrip were

compared with baseline values in each group by

Student's paired t test. The statistical significance of

differences in changes evoked by handgrip, between

the two groups, was assessed by unpaired Student's

ttest. P values <005 were regarded as significant.

Results

CHRONOTROPIC RESPONSES TO ATROPINE

Fig. 1 shows that in all patients in group 1 heart rate

did not increase in response to atropine (individual

changes were 3, 4, + 1, 3, and 0 beats/mmn).
In group 2 patients atropine induced pronounced

tachycardia in all cases (individual changes were

+ 46, + 30, + 28, + 30, and + 24 beats/min).

Table 2 Haemodynamic variables at rest and during the second minute of isometric exercise in chagasic patients with (group 1) and
without parasympathetic impairment (group 2)

Case At rest

HR (beats/min) MSAP (mm Hg) CI (l/nsin/M2) SVI (MI/rn2) SVR
(dynscm)

Group 1:
1 75 90 3.9 51.9 1199
2 114 88 4-5 41.0 899
3 90 90 4.9 54.5 875
4 90 105 5-4 60-0 978
5 96 85 5-8 60-7 719
Mean (SD) 93.0(14-1) 91-6(7-8) 4-9(0-7) 53-6(8-0) 934 (175)
Group 2:
6 66 73 2.6 40-0 1221
7 60 98 4-3 72-0 1060
8 100 80 5.2 52-0 733
9 84 90 5.1 60.8 793
10 81 101 2-8 35-0 1738
Mean(SD) 78.2(15-8) 88-6(11-9) 4-0(1-2) 52-0(15-1) 1109 (404)

*Mean values of variables measured during the second minute of isometric exercise that are signilicantdy (p <005) different from those at rest

(Student's t test for paired values). HR, heart rate; MSAP, mean systemic arterial pressure; CI, cardiac index; SVI, stroke volume index;
SVR, systemnic vascular resistance.
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HEART RATE AND BLOOD PRESSURE
RESPONSES DURING THE VALSALVA
MANOEUVRE
Table 1 shows that in both groups there was a

pronounced overshoot in blood pressure after the
release of the strain. Only patients in group 2,
however, had a prompt reflex bradycardia occurring
in the first 20 seconds after the end of the strain.
Patients in group 1 did not show cardiac slowing
below baseline heart rate in the first 20 seconds after
the Valsalva manoeuvre.

HAEMODYNAMIC RESPONSES TO ISOMETRIC
EXERCI SE
Table 2 shows that handgrip at 30% of maximal
voluntary capacity induced a significant increase in
mean (SD) heart rate in group 2 only (from 78-2
(15-8) to 92.8 (18 1) beats/minute (+ 18-7%,
p < 0 05)). There was a similar increase in systemic
arterial pressure in both groups (from 91 6 (7 8) to
109-0 (8&0) mm Hg (+ 19-0%, p <0001) in group 1

and from 88.6 (11-9) to 106-8 (20-9) mm Hg (+
20 5%, p< 005) in group 2).

In group 1 there was no significant change in the
mean cardiac index. In group 2 cardiac index rose

from 4-0 (1-2) to 4-8 (1-3) 1/min/m2 (+ 20-0%,
p < 0 005). No significant changes in stroke volume
index were found in either group. In contrast, the
calculated systemic vascular resistance was higher
during handgrip than at baseline in group 1 (from
934 (175) to 1176 (383) dyn s cm-5) (+ 25-9%,
p < 0 025) but not in group 2.

Fig. 2 shows the changes in heart rate, systemic
arterial pressure, cardiac index, and systemic
vascular resistance that were elicited by handgrip.
Group 2 patients showed significantly greater
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Fig. 2 Changes in heart rate (AHR), mean systemic
arterial pressure (ASAP), cardiac index (ACI), and
systemic vascular resistance (ASVR) evoked by handgrip at

30% of maximal voluntary capacity in chagasic patients
with (circles) and without parasympathetic impairment
(triangles). Statistical significance was assessed by Student's
t testfor unpaired samples.

(p <0-05) increases in heart rate and cardiac index
than patients in group 1. Increases of mean blood
pressure were similar in both groups, whereas
changes in systemic vascular resistance were
significantly higher in group 1 (p < 0 05).

Discussion

These results clearly show that there is a distinctive
pattern of haemodynamic responses to handgrip at
30% of maximum voluntary capacity in chagasic
patients in whom parasympathetic modulation of
heart rate is absent (group 1). In these patients the
pressor response to isometric exercise is mediated by
an increase in systemic vascular resistance. In
contrast, chagasic patients with intact
parasympathetic control (group 2) showed

During handgrip test

HR (beats/nmn) MSAP (mm Hg) CI (i/min/m2) SVI (Ml/M2) SVR (dyn s cm5)

73 103 2-9 40-2 1845
120 110 5-0 41-7 1011
94 108 4-9 52-5 1050
94 122 5-6 59-6 1097
94 102 5-7 61-9 878
95-0 (16-7) 109-0 (8-0)* 4-8 (1-1) 51-2 (10-0) 1176 (383)

76 84 3-1 41-3 1178
72 115 5-1 70-3 1049
110 95 6-3 57-3 718
96 102 5-6 58-4 819
110 138 3-7 32-0 1798
92-8 (18-1)* 106-8 (20-9)* 4-8 (1-3)* 51-9 (15-2) 1112 (424)
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haemodynamic responses that were similar to those
described in normal subjects72627 in whom the
pressor response is mediated by increase in cardiac
output.
We found that the haemodynamic response in

chagasic patients with impairment of the
parasympathetic influences on the sinus node was
substantially different from that seen in normal
volunteers in whom the response was blocked with
atropine. The normal volunteers maintained
increases in cardiac output and arterial pressures.7
Although the body position and the magnitude of
isometric exercise (30% of maximum voluntary
capacity) were the same in both studies, Martin et al
measured haemodynamics in the third minute of
handgrip rather than in the second minute as we did
in this study. It has been suggested that the heart
rate and the cardiac output may not stabilise
completely when the isometric exercise is performed
at higher levels of muscle tension.'28 Furthermore,
Martin et al gave fixed doses of 2-0 mg of atropine to
their subjects, a dose that in some individuals might
have been well below the 0 04 mg/kg body weight
recommended for effective blockade of the
parasympathetic system.29 30 These differences may
explain why after atropine Martin et al found that
their normal volunteers still had a substantial mean
heart rate increase of 12 beats/minute and an average
increase of 650 ml in cardiac output.7 Apart from the
fact that short term pharmacological blockade may
not entirely reproduce the effects of chronic
interruption of vagal efferents that is seen in
Chagas's disease, parasympathetic withdrawal may
have contributed to the chronotropic responses to
handgrip seen in the subjects studied by Martin et
al.7 As a consequence, the pressor response still
made an important contribution to the increase in
cardiac output. Nevertheless, as in our group 1 of
chagasic patients, the systemic vascular resistance
increased in 10 of 12 normal subjects who performed
handgrip after administration of atropine.7

Chagasic patients in group 1 undoubtedly had no
parasympathetic regulation of sinus node function.
Not only was heart rate reflexly unresponsive to an
increase of blood pressure after the performance of
the Valsalva manoeuvre, but there was also no
resting vagal tonus acting upon the sinus node, as
was demonstrated by the lack of chronotropic
changes after atropine. Therefore, it is conceivable
that parasympathetic impairment, which is the
hallmark of cardiac autonomic disturbances in
Chagas's disease both in anatomical3l - 33 and
functional terms,'9 -25 34 was responsible for the
abnormal cardiovascular response to isometric
exercise. Whether there is concomitant impairment
of sympathetic system mediated control of heart rate
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in chagasic patients is debatable. In some studies in
which the response to passive postural stimulation
was studied adrenergic control of heart rate was
shown to be deficient,22 23 but other results derived
from tests that elicit higher degrees of stimulation
such as dynamic exercise2' 35 militate against this
possibility. The findings of the present work do not
exclude impairment of the sympathetic control of
the sinus node as a minor contributory factor to the
abnormal haemodynamic responses to handgrip
seen in group 1. Unaltered pressor responses to
handgrip were seen after propranolol7 36; however,
no change in cardiac output was seen, and the
pressure rise depended upon an increase in systemic
vascular resistance. On the other hand our findings
confirm the normal sympathetic control of vascular
tone in chagasic patients, as already shown in
previous studies.20 22 23
Having showed that in some chagasic patients an

increase of systemic vascular resistance rather than
an increase in cardiac output mediates blood
pressure rise during isometric exercise, it is
interesting to speculate about the functional
consequences of such haemodynamic alterations.
Because isometric exercise is common during daily
active life, these patients must face frequent
afterload challenges that do not arise when
chronotropic responses are normal. The situation
resembles that in untreated hypertensive
patients.'4 Our patients had neither systemic
hypertension nor demonstrable clinical reduction in
myocardial reserve. As the disease progresses,
however, left ventricular function may become
abnormal in chagasic patients. Studies in ischaemic
heart disease,26 27 38 and in other myocardial
diseases,26 27 38 39 show that although the heart rate
response is impaired the pressor response to
isometric exercise may even be potentiated when
there is left ventricular dysfunction. Moreover,
isometric exercise has been recently shown to
disclose abnormal left ventricular function in
chagasic patients with otherwise normal
performance at rest.40 Therefore, it seems
reasonable to conclude that chagasic patients with
impaired parasympathetic responses have less
effective left ventricular ejection during their
customary activities than do individuals who are
capable of normal heart rate responses to isometric
exercise. Such functional abnormalities could
increase the chronic stresses imposed on left
ventricular performance. No demonstrable
correlation has been shown between autonomic
impairment and myocardial depression in Chagas's
disease, and a prospective follow up study is now
underway in our laboratory to evaluate the effect of
autonomic disturbances on the development of
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ventricular dysfunction and outcome in patients
with Chagas's heart disease.
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